A number of operations for the relief of vertigo have been performed on the nonsuppurative labyrinth by Milligan, Lake, Yearsley and others, and Yearsley in his report, "A Case of Severe Vertigo and Tinnitus: Destruction of the Labyrinth; Cure" (published 1908)1 states that his was the ninth operation of its kind for the relief of distressing vertigo and tinnitus. "The first," he says, "was that of Milligan, the second that of Lake, who, however, antedated Milligan in publication." Since that time Mr. Lake, as he stated in his paper on vertigo before the New York Academy of Medicine last December," has performed fourteen such operations. In this country the labyrinth operation for the relief of vertigo (so far as I have been able to learn) has never been performed before, at least there are apparently no available reports of any.
Last April a report of the history .and examinations of ·this case was made before the Section on Otology at the New York Academy of Medicine." Since that time his disturbing symptoms have been entirely relieved by an operation on his labyrinth. It will suffice to say now that the individual is a strong, healthy man, forty-four years of age, who since boyhood has been affected with a deafness and stuffiness in his right ear, which, until a year or more ago. he could considerably relieve by a movement of his lower jaw. Henever remembers having had a discharge from either ear. Seven years ago he noticed that any exertion that caused increased ·Read before the annual meeting of the American Laryngological, Rhinological and Otological Society, May Hlth, 1913, Washington, D. C.
heart action, such as lifting, running or even laughing heartily, made him stagger and lose his balance, and at the same time the objects seen by him seemed to move up and down with the pulsations of his heart. After November, 1910, certain sounds caused such disturbance of his equilibrium and, as he expressed it, of the objects before his eyes, that he would fall when he heard. them, if he did not cling to something for. support. He had to have the pitch of the whistles on his factory lowered, so that they would not affect him. Riveting machines and other loud sounds affected him in the same way.
Examination (October 6, 1911) revealed a markedly retracted drum membrane and a stenosed tube on the right side, with hearing for acoumeter and whisper, 2 inches and 18 inches, respectively. The left ear showed evidence of chronic middle ear catarrh, with hearing for acoumeter and whisper, 6 inches and 15 feet, respectively. The sound from a 256 fork placed on the vertex was definitely referred to the right or poorer ear. The low tone limit was practically normal in both ears (16 fork was indistinctly heard in the right, distinctly heard in the left ear). The upper tone limit in the right ear was reduced to 6.00 on the Edelmann-Galton whistle, and for the left ear, 2.00. Rinne was positive in both ears. Rotation tests with head in various positions 'revealed nothing unusual, and the caloric test was normal.
When the right ear was closed, sounds had no effect on his eyes or equilibrium. In the right ear, however, pipe sounds above a" (1702 double vibrations) produced marked disturbance until a-l (3404 double vibrations)' was reached. Sounds below and above this octave caused little or no disturbance, the most marked disturbance being caused by the middle notes of the octave. He stated that at the commencement of the sound the object he was looking at seemed to move downward and to the left, and remained in that position with a wavering movement until the sound ceased; it then returned to its original position. The eyes were easily seen to rise and fall when the sound was produced and stopped, and when the most effective sounds were produced his equilibrium was disturbed. At this examination the eyes seemed to move always in the plane of. the right anterior vertical canal.
A month after this examination he was admitted to the 1'.\R.\COUSTIC VERTIGO .\ND NYST.\(;~lus.
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Manhattan Eye, Ear and -Throat Hospital. A lumbar puncture was performed, and 20 cc. of normal cerebrospinal fluid was withdrawn, and at the same time, because of its marked retraction, an incision was made-in the right membrana tympani. Intense headache. dizziness and nausea followed and persisted for the next forty-eight hours, and for two weeks the slightest exertion in the upright position caused severe headache and dizziness. A grateful feeling of clearness was temporarily afforded by the myringotomy, however. After three weeks the patient left the hospital, his vertigo much improved, and sounds that before would have made him fall had no effect upon him. Three months after the lumbar puncture (the 9th of February) he reported that the staggering tendency had entirely gone, and he had no dizziness, but the right ear had become very sensitive to the sound of his own voice, and speaking above a low tone caused his eyes to jump. He could not whistle, call. or laugh without a jumping of the objects in front of him and a disturbance of his equilibrium. High tones no longer troubled him to the extent they formerly did, but lower pitched ones became so unbearable he had to raise the pitch of the whistles on his plant back to what they were before.
When he said E, P, T, Z. etc., or such a sentence as "Ease it off," objects in front of him moved downward and to the left. and his eyes could be seen to move upward and to the right in the plane of the right anterior vertical canal. If he whistled certain notes, a marked effect was produced, and if the sounds were prolonged, his equilibrium was upset. It was also found at this examination that when the note d S (1152 vibrations ) was sounded 011 a pipe, the eyes moved straight upward, and he said the objects in front of him moved straight downward, giving him a sensation of marked disturbance. Above this pitch the disturbance was not so marked, bitt the objects seemed to move downward and to the right; and below this pitch they seemed to move downward and to the left.
Four months later (July 8th) the patient returned again for examination and reported that since his visit in February he had had a return of his vertigo-that is. staggering while walking; two attacks, so severe that he had to cling to a fence to keep from falling.
His chief complaint, however, was the effect of his own voice on his eyes. In speaking of this he pointed somewhat confusedly to his supraorbital region and the right side of his head. (It is well to say here that the man is an exceptionally strong character, and through force of will kept constantly at his work. A man Jess forceful and free from hysterical tendency would have succumbed long before.)
He had to acquire a very low tone of voice in conversation, otherwise the objects in front of him would vibrate up and down obliquely before him. Words like Ease, Peas, Disease, etc., would displace everything in front of him; and if he laughed heartily or said toot-toot-toot, things shi fted so suddenly they caused him to lose his balance entirely. At each toot his eyes could be plainly seen to jump.
No less annoying was a pulsating sound like a drum in his right ear, and although he could not remember the time when he was not able to count his pulse by hearing it in his right ear, the present sound was a new development, and it became more marked after mental or physical labor. His only relief when it became unbearable was to lie down for fifteen or thirty minutes: the eye symptoms then subsided entirely and the pulsation ceased except for a slight sound. In using the large and small pipes of the Bezold series, it was found that d S (1152 vibrations) on the small pipe caused obj ects to move straight downward, as was the case at the examinations in February. with marked disturbance (wide movement). The patient could not stand the sound for any length of time, and if it was tooted his equilibrium was upset. a 4 (3404 vibrations) caused objects to move more laterally at about an angle of 45°to the right and downward-the eyes in the opposite direction. Above this point no disturbance was obtained. The lowest note on the large pipe e 2 (640 vibrations) gave marked disturbance downward and to the left. His response to some of the intermediate notes was at times contradictory, owing, he said, to the confusion from the sounds, which caused him to fail to notice whether the movement was first up and then down or vice versa.
I insert here my record of the effects produced by the different pipe notes, not that I am able to interpret anything of value from it, but simply that it may be recorded in case it may excite the interest of someone with a theory to support: This examination was confusing and fatiguing fer the patient. and he himself remarked that he could not observe accurately because of his dizziness and disturbance. This probably accounts for the contradictory answers.
As the patient's disturbing symptoms seemed to grow worse rather than better, operation for the destruction of his labyrinth was at last resorted to. A pneumatic mastoid with normal looking cells was opened, and there was no evidence in either the mastoid or the middle ear of necrosis of any kind.
In attacking the labyrinth the horizontal and anterior vertical canals were opened and traced forward until their ampullre were reached. These were removed, and the canals were then followed backward and the vestibule was entered posteriorly through the solid angle. The stapes was removed, and, because of the acoustic disturbance, it was thought best while at it to open the cochlear also, so the promontory "vas then cut away.
An instrument devised by Dr. Kerrison, which easily shaves the hardest bone, enables one to avoid the use of chisels and the accidents which sometimes follow their use in this operation. Particularly those accidents referred to by Dr. Richards ;' namely. the tendency of the external canal to crack through definite lines of cleavage into the fallopian canal and cause injury to the nerve, and the modiolus to crack at its base and open the internal auditory meatus with an escape of cerebrospinal fluid.
Judging from appearance only, it might have been a normal labyrinth that was being operated on. The eustachian tube was curetted thoroughly down through its isthmus with Yankauer's instrument designed for that purpose, but there was no antiseptic treatment of the wound, as I had not then heard 1\1r. Lake advise it as a wise precaution. The wound was washed with normal salt solution and packed with plain gauze, a little. iodoform gauze being placed next the labyrinth itself. Ten days later a meatus and flap were cut and the incision was closed behind. Three weeks later the cavity was skin grafted. There was no exposure of the facial nerve and no paralysis.
For several days after the operation the patient lay all his sound side, hunched up with his eyes closed. Nausea and vomiting persisted for four days.
At an examination on September 9, 1912 (five and a half weeks after the operation), he stated that after the fourth day following the operation the disturbance of objects was not as great with his left eye open as it was with both eyes open, and he appeared to have less control over the right eye than over the left; the disturbance was more marked when objects were seen with the right than with the left eye. He had diplopia with both eyes open, which persisted for a week. Even at that time (September 9th), six weeks after the operation, he had diplopia when he first opened his eyes in the morning; a disturbance he had never had before the operation. He stated that after the labyrinth operation, despite the intense nausea and vomiting, he noticed that objects moved from "high left to low right ;" that is, they moved from left to right downward at an angle of twenty degrees. This persisted for a week and gradually diminished until there was no movement of objects except when he first awoke in the morning. Six weeks after the operation, on waking in the morning, objects still seemed to move slowly in this direction, but after a few minutes he would be able to overcome the illusion.
Never after the operation was he disturbed by any sounds in his ears. In this he differs from Dr. Richards' case, to be mentioned later, of the man who suffered marked disturbance from sound after his labyrinth had been removed. An attack of vomiting, or any exertion, during the first week or two after the operation, would cause a gradually increasing sound, "like the passing of a subway train," in his operated ear; it occurred first faintly, and then became louder and louder like. a very heavy storm, lasting a short time and then gradually subsiding. These noises became less and less frequent, but they were occasionally noticed for three weeks after the operation. Never since the operation has sound had any effect on his equilibrium, or on the movement of objects, or on his eyes themselves; nor has increased heart action caused any disturbance whatsoever. He can whistle and toot-toot-toot with great satisfaction and without any disturbance to him of objects or of his equilibrium.
On the ninth day after the operation the patient was allowed to sit up in bed, because he desired to do so, and. thought he could. The movement, however, caused a return of the dizziness, and after a few minutes he was glad to lie down again. On the eleventh day he was allowed to stand on his feet, but he would have fallen to the floor towards the operated side had .he not been supported. He persisted in getting up, however, and three days later was able to walk the length of the hall unassisted, though he was very unsteady, and had a tendency to fall towards his operated side. Turning to the left at first caused a little disturbance, but this soon disappeared. On turning to the right, however (to the operated side), marked disturbance was produced, and even a movement of his eyes to the right at the examination, six weeks after the operation (September 9th), was accompanied by a movement of all the objects to the right. This movement of objects became less every day. The patient was then able to walk without falling, with his eyes closed. He had practiced whirling, turning and walking backwards until he had excellent control of himself, although all signs of disturbance had not entirely disappeared. There was still some nystagmus on looking to the left, practically none on looking to the right. On rotation to the left ten times, after-nystagmus was slight and lasted only twelve seconds. On rotation to the right, after-nystagmus lasted only fifteen seconds, but he complained of considerable disturbance and felt a little sea-sick, although the seasickness was only momentary.
An examination made November 11, 1912 (over four months after the operation), showed the cavity well dermatized except for small granulations which persisted at the opening into the vestibule, posteriorly. From this region there seemed to be a slight leakage of clear fluid, and when it was irritated with an applicator, some disturbance of equilibrium and objects was remarked by him.
The patient was greatly improved, and neither exertion nor sound gave him any further trouble. He had no disturbance of equilibrium except when he turned quickly to the right. He was still, however, unable to walk with certainty with his eyes closed, or in the dark.
A letter received on the 11th of January, 1913, from Dr. A. P. Butt, his physician, stated that the ear was healed; and one from the patient himself, about the same time, informed us that he feels splendidly all the time. In answer to questions, he says he is not yet able to turn to the right quickly without disturbance, and that turning his head and eyes suddenly to the right causes him to sway. He still experiences difficulty in walking at night in the dark, or with his eyes closed, though the difficulty is becoming less. There is no movement of objects after exertion, or pounding in the ear, as there was before the operation. There is no disturbance of equilibrium due to sound, either external or from his own voice. He still has a slight hissing tinnitus, which he had before the operation, a point worth noting in regard to operation on the labyrinth for persistent tinnitus.
With the exception of Dr. Richards' case, and Mr. Lake's two cases, one of the man whose vertigo was brought on by exposure to a bright light and. loud noises," and the other whose attack followed his listening to a band," in none of the many cases of vertigo reported have I been able to find sound mentioned as a casual factor, though Dench says :" "It should be borne in mind that when any portion of the auditory apparatus, either of the middle ear, the labyrinth, or the nerve trunk, is in a pathologic condition, any slight stimulus-particularly an increase in the blood pressure-may be sufficient to bring on an attack of vertigo."
The cause is frequently found to be due to derangement of the sound transmitting apparatus or to changes in blood pressure; but, as I said before, with the exceptions mentioned, I have found no case where sound itself was the exciting cause of the vertigo.
In regard to blood pressure, I recall here that Mr. Lake recently in his remarks after the presentation of his paper before the Academy of Medicine in New York, speaking of its influence on vertigo, seemed of the opinion that the virtue claimed by many for lumbar puncture was due solely to its effect on the blood pressure, and that a more lasting benefit could be obtained with depletives and drugs in such cases than with lumbar puncture itself. In this he does not agree with many who have for some time advocated lumbar puncture without very definite reasons for expecting permanent relief from it, and more recently with Barany," who claims for it marked benefit, and often permanent relief in certain cases where the vertigo and "Symptomen-komplex" are due to adhesions of the pia in the region of the cerebellopontine angle which are broken up by" the sudden withdrawal of the cerebrospinal fluid.
Blake" calls attention to the condition of, the sound transmitting apparatus as playing an important part in the causation of vertigo, but mentions nothing about the effect of sounds on it.
A comparison of this case with the one Dr. Richards" mentions in his "Treatment of Purulent Affection of the Labyrinth," etc., etc., forms an interesting paradox. In his case, disturbance of equilibrium was caused by certain sounds after the removal of the labyrinth, and in this case the opposite was true, in that the disturbance caused by certain sounds was cured by the removal of the labyrinth.
Dr. Richards tells me that he removed not only the labyrinth, but almost the whole of the petrous pyramid for suppurative labyrinthitis in his case (a young musician), and that the young man while convalescing seated himself at the piano to play, but when he struck the keys he was knocked off the stool by the sound, and for months afterwards, even after the cavity had healed, musical sounds from the piano disturbed his equilibrium. He also says that while dressing this case, when he touched the stump of the nerve, or the soft tissue about it in the region of the internal auditory meatus, which he had opened, the patient never failed to remark a noise in that ear, but when the bone near that region was touched with a probe no sound was heard.
Following the mention of this case in his article, he says: "It would appear that we receive through the auditory apparatus certain physical impressions which, when transmitted to higher centers, act as supporting influences to the preservation of station; that these, when not balanced by similar impressions acting upon the other ear cause, so to speak, an auditory imbalance; that the disturbance is due to the lateral-. ization chiefly to one side of those impressions which give rise to the subjective phenomenon of sound is questionable, inasmuch as the patient, who was totally deaf before operation, experienced then no such disturbance under similar conditions." He continues, saying: "The phenomenon is suggestive of the great variety of factors which may act through the medium of the auditory apparatus and contribute to the preservation of that condition which we speak of as the state of equilibriumit gives us an insight into the intricacy of the function of the auditory apparatus."
The disturbing, jangling effect of musical instruments, pianos particularly, on ears recovering from acute middle eat suppuration or some other disturbance of the conducting apparatus, is a familiar one, and although the effect is not usually so great as to cause loss of balance, it not infrequently causes a sensation closely akin to it.
The association of the acoustic with the static labyrinth in the subject of this report is interesting, and it along with the views of Richards, as expressed above, might be considered by some to support v. Cyon's theory, an expression of which I quote from Dr. Fridenberg's" review of v. Cyon's theory of the labyrinth: "v. Cyon proceeds to develop his own theory, which brings the elements of tone and sound perception into relation with the innervational control and regulation, both as to intensity, succession, and duration, of the entire muscular apparatus of the body, especially of the eye; with the rhythmic coordination of speech and with the psychic control of function. This coordination depends on concepts of number which can only originate in the cochlea, and is associated with concepts of direction, dependent physiologically on stimulation, continuous or intermittent, of the semicircular canals." Later, in his criticism of v.Cyon's theory, he says: "Biologically (too), auditory sensations can hardly be made use of as a basis for an adequate stimulus of the semicircular canals, as these sensations have not yet appeared in lower animals which are capable of perfect orientation."
In the case just reported, it would seem that when the auditory apparatus was stimulated by sounds of a certain number of vibrations, a definite movement of the eyes took place in the plane of a certain semicircular canal in the diseased ear. So, according to Flouren's law, there was caused by the sound vibrations just as definite a movement of endolymph in the ampulla of that canal as there was by the pump acting directly on the canal in Ewald's experiment. But pulsations from the heart also at times caused the same disturbance, so the commotion in the ampulla cannot reasonably be associated with the effect on the auditory apparatus alone. It would seem, rather, that the effect on the ampulla was coincident with but separately caused by the (sound) vibrations, which transmitted through the cochlea were interpreted as sound.
With this conception one can still maintain the theory of the distinct separation functionally of the auditory from the static labyrinth, and receive the support of the biologists and that of long general acceptance as well. One can still support this theory and realize that the localization of sounds may playa part in orientation, just as localization of objects by means of the eyes do, and the muscle and tactile senses do, but that does not mean that one has to accept the view that such a close association exists between the two, static and auditory, that sound through irritation of the cochlea influences the endolymph in the ampulla, for it is only when the contents of the ampulla are abnormally sensitive or irritable that the same quality of vibration affects them both.
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